We report here the effect of diet and social environment on the carotid bifurcation atherosclerosis of 60 adult male cynomolgus monkeys {Macaca fascicularis) fed either an atherogenic diet (AD) or a more "prudent" diet (PD). Animals within each dietary condition lived either in unstable social groupings (which had their memberships reorganized on a regular basis) or in stable groupings. The experiment lasted 22 months, after which animals were necropsied and the extent of atherosclerosis was measured both at the carotid bifurcation and at other arterial sites.
ATHEROSCLEROTIC PLAQUES at the carotid bifurcation are of particular importance in cerebral ischemia and infarction.
1 ' 2 However, despite years of epidemiologic, arteriographic and autopsy studies, questions remain regarding the natural history of atherosclerosis at the carotid bifurcation and in the intracranial cerebral arteries, and the relationship between atherosclerosis here and at other arterial sites. 3 " 5 Relevant data are often unavailable, in part, because of the paucity of experimental work with appropriate animal models. 3 -6 We report here the effects of diet (atherogenic or control) and social-environmental stress (placement in stable or unstable social groupings) on the carotid bifurcation atherosclerosis (CBA) of normotensive, adult male cynomolgus macaques. Among the monkeys fed an atherogenic diet (containing 0.34 mg cholesterol/Cal), serum lipid concentrations, heart rate reactivity to behavioral challenge and glucose clearance ( " K " ) were associated significantly with atherosclerosis extent. The lesions of these animals were, in general, larger than those measured among the animals fed a more "prudent" diet (0.05 mg chol/Cal). No factors were associated significantly with variability in CBA among the monkeys fed the prudent diet. Finally, animals with extensive carotid bifurcation lesions were also likely to have extensive coronary artery atherosclerosis.
Methods

Animals
Study animals were 60 male, cynomolgus monkeys from Malaysia and the Philippine Islands (average age 7.5 years, estimated by dentition). These animals were assigned to one of two experiments, which differed only in diet. The experimental design and methods, and results relating to the coronary and peripheral arteries of these animals, have been described elsewhere. 7 " 9 A brief description is given below.
Diet
Dietary manipulation involved, first, the division of animals into two groups of 30 each. One group was fed an atherogenic diet (AD), while the other group was given a more "prudent" diet (PD) (table 1). The animals were fed twice daily with a total consumption of about 120 Cal/Kg body weight/day. At the end of 22 months, all monkeys were necropsied.
Psychosocial Manipulation
Within each dietary condition, half of the animals were assigned to an unstable social condition (monkeys in 5-member social groups which were altered periodically by redistribution of monkeys among the three affected groups) while the other half was assigned to the stable social condition (monkeys in 5-member social groups of unchanging composition). The social behavior (e.g., aggression, affiliation) of each animal was also monitored twice per week with observational methods described earlier. 7 Previously, we reported that coronary artery atherosclerosis of animals in both dietary conditions was affected by this psychosocial manipulation. 79 
Clinical Pathological Observations Serum Lipid Concentrations
Blood samples for the determination of TSC and HDLC concentrations were taken once per month (n = 22), while animals were anesthetized and following a 24-hour fast. TSC determinations were done using the Autoanalyzer II procedure, while HDLC concentrations were assessed by the heparin manganese precipitation technique, as described in the Lipid Research Clinics manual. 10 Mean values for TSC, tBased on the recommendations of the American Heart Association.
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HDLC and the TSC/HDLC ratio were used in all analyses.
Blood Pressure
Systolic and diastolic blood pressures (SBP, DBP) were recorded on sedated monkeys using a doppler ultrasound apparatus (Arteriosonde 1010, Roche, Cranbury, NJ). Blood pressures were assessed approximately once every other month (n = 11). For purposes of analysis, mean SBP's and DBP's for the entire experiment were used.
Carbohydrate Metabolism
Assessments were made six times in the AD condition and five times in the PD condition of each animal's ability to metabolize glucose. For these measurements, glucose was administered intravenously at a dose of 0.75 g/kg while the animals were sedated. Blood samples were taken just prior to glucose administration and at 5, 10, 20, 30, and 60 minutes postinjection. Glucose concentrations were determined using a Beckman glucose analyzer. Rates of glucose clearance ("K" values) were calculated from the slope of the glucose clearance curve. Mean values of fasting glucose concentration and glucose clearance were used in all analyses.
Heart Rate Responsivity to Behavioral Stress
In a preliminary test of the hypothesis that exaggerated heart rate or pressor responses to stress might accelerate atherogenesis," we recorded heart rates by telemetry under resting (baseline) conditions and in response to a standard laboratory challenge involving threat of capture and physical handling by the experimenter. These data represent an exploratory variable in the present study and measurements were taken only on animals in the AD condition and on only one occasion. Among these animals, however, monkeys which exhibited the largest elevations in heart rate during the threat of capture manipulation also had the greatest extent of atherosclerosis in the coronary arteries and thoracic aorta. 8 
Necropsy and the Measurement of Atherosclerosis
At necropsy, animals were perfused with 0.1 molar sodium phosphate buffer and killed by exsanguination. After removal of surface adventitia, the carotid arteries were opened longitudinally on their anterior surface, laid flat on cardboard and placed in 10% buffered formalin for immersion fixation. Following fixation, the segments were stained with Sudan IV in isopropanol. One standard cross section was taken from each of the carotid bifurcations for microscopic evaluation. Bifurcation pads ("intimal cushions") were avoided in the selection of this section. The area occupied by intima and intimal lesion and the maximum intimal thicknesses of these sections were measured (in mm 2 and mm, respectively) using a Zeiss MOP III Image Analyzer. A thickness of 0.10 mm or more generally indicated the presence of plaque. Additionally, we used a zero to four scale to characterize the lesions in terms of adventitial reaction, degree of mineralization, numbers of foam cells, amount of collagen, extent of necrosis and the prominence of a fibromuscular cap.
For the common carotid arteries, gross evaluation provided estimates of the percent of total surface area affected with plaques. The vertebral, posterior communicating and basilar arteries were fixed in the same way as the carotid arteries. One section was taken from each artery; these sections were graded microscopically using a zero to three scale (0 = no lesion, 1 = fatty streak, 2 = small plaque, 3 = large plaque).
For comparison purposes, we used the coronary arteries and aortas of these same animals. The method of preparation of these arteries has been published previously. 7 Coronary artery atherosclerosis extent for each animal was expressed as the mean intimal lesion area (in mm 2 ) of 15 sections of perfused coronary artery. Plaque "volume" was the index of aortic atherosclerosis; it was computed (in mm 3 ) as the total surface area covered with plaque, multiplied by the mean intimal thickness of the plaque sections.
Statistical analyses involved, primarily, group contrasts by t tests and calculation of Pearson correlation coefficients (r), except where assumptions relating to distribution characteristics (e.g., normality) were not met. In the latter cases, appropriate nonparametric analyses were used (e.g., Mann Whitney U tests and Chi-Square tests, Spearman's rho).
n Three of the 60 original study animals (1 PD, 2 AD) died before the end of the experiment; data from these animals were excluded.
Results
Pattern of Carotid Bifurcation Atherosclerosis (CBA)
Because CBA did not vary as a function of social grouping, data from the stable and unstable groups were combined within each dietary condition. Unlike the social manipulation, the diet had a significant effect on the extent of CBA and on relationships between atherosclerosis at this site and that seen at other locations. First, CBA extent (thickness and area) was significantly greater on both the right and left sides in AD, compard to PD animals ( fig. 1 ; allp's < 0.001, MannWhitney (/Test). The major clinical-pathologic differences between the two dietary conditions were in their serum lipid concentrations (table 2) , although fasting serum glucose concentrations also differed. Carotid bifurcation lesion extent in the left and right sides was significantly correlated in the AD, but not the PD monkeys (AD: r = 0.74, p < 0.01; PD: r = 0.25, NS). In both groups, plaque area correlated highly with maximum plaque thickness on both the left (AD:r = 0.90, p < 0.01; PD: r = 0.91, p < 0.01) and right sides (AD: r = 0.85, p < 0.01; PD: r = 0.93, p < 0.01). In the rest of this presentation, only associations with plaque area will be shown, as these are matched closely by the thickness results.
Correlations of CBA with atherosclerosis at two other arterial sites -the coronary arteries and aorta -are summarized in Table 3 . Again, the AD and PD monkeys differed in that all correlations were significant in the AD but not PD animals. Although the correlations between CBA and coronary artery atherosclerosis among the AD animals were only moderate (r's < 0.50), 8 of the 11 monkeys with significant bilateral CBA ( > 1.0 mm 2 ) also had significant coronary artery atherosclerosis (plaque area and thickness above the mean). On the other hand, 4 of 17 monkeys without significant CBA also were significantly affected with coronary artery atherosclerosis.
Lesion extent in the carotid bifurcation correlated well with that in the common carotid artery in the AD (leftside: r = 0.52, p < 0.01; right side: r = 0.65, p < 0.01) but not in the PD animals {rho = 0, both sides, NS). Fewer animals had plaques in the common carotid artery than at the carotid bifurcation, in both theAD(17of28vs28of28;x 2 = 13.7,p < 0.01) and PD (1 of 29 vs 19 of 29; x 2 = 24.5, p < 0.01) conditions. In the other cerebral arteries (basilar, posterior communicating, vertebral), so few animals were affected with plaques (less than six, AD; less than 3, PD) that no correlations were attempted.
Histological Characteristics of Carotid Bifurcation Lesions
Carotid bifurcation lesions of PD animals contained minimal lipid and were composed of smooth muscle cells, collagen, some elastic fibers, and occasionally mineralization ( fig. 2) . Among the animals fed the atherogenic diet, the lesions at the carotid bifurcation usually contained lipid within foam cells, and atheronecrosis was seen in some of the animals in which cholesterol crystal clefts and mineralization were present ( fig. 3 ). In some of the AD animals, it appeared that a foam cell lesion may have been induced as a superimposed lesion on a preexisting plaque ( fig. 4) .
In the histological evaluation, animals given a grade of zero or one for a characteristic were categorized as "low" while animals given a grade of two, three or four for a characteristic were categorized as "high-" Table 4 contains the number of animals examined that were categorized as being either low or high for each of the histological characteristics. Significant dietary differences were found in all of the characteristics except mineralization.
Clinical Pathological Variables Serum Lipid Concentrations
In addition to serum lipid differences between the two dietary conditions (Table 2) , there was considerable interindividual variability in serum lipid concentrations, especially among the monkeys consuming the AD diet (e.g., the TSC/HDLC ratios among these monkeys ranged from 3.5 to 24.0). This variability in serum lipid concentrations was, in turn, highly correlated with the CBA of the AD animals, Among the plasma lipid variables (TSC, HDLC, TSC/HDLC ratio), the overall association was strongest between CBA and the TSC/HDLC ratio (right side: r = 0.55; left side; r = 0.59;p's < 0.01). There was no correlation between CBA and serum lipid variability among the PD animals, all of which had TSC/HDLC ratios <4.5. Despite the marked effect on CBA of highly elevated serum lipids, extensive lesions were occasionally found among the PD animals. Further, among those animals (AD and PD combined) having TSC/HDLC ratios that might be reasonably expected among humans (i.e., < 12.0), there was no association between CBA and serum lipids. These two effects are depicted in figure 5A . Here, the dotted line represents the TSC/ HDLC ratio thought to mark the beginning of coronary artery atherogenicity among humans 13 ; all but one of the animals with ratios less than 4.5 are from the PD group while all of those with TSC/HDLC ratios above 4.5 are from the AD group. The lack of association between serum lipids and CBA within this subset of animals contrasts with the pattern of lesions observed in the coronary arteries of the same animals ( Figure  5B ). At that site, there was almost no lesion development unless the TSC/HDLC ratio was above 8.0.
Glucose Metabolism
Variability in glucose clearance (K) as measured in the intravenous glucose tolerance test was significantly associated with CBA among the AD (r = -0.46, left; r = -0.40, right; p's < 0.05) but not PD animals. This relationship was independent of the association between CBA and serum lipids, as indicated by the absence of any significant correlation between glucose clearance and serum lipids. We found no relationship between CBA and fasting values of serum glucose concentrations. 
Blood Pressure and Heart Weight
Within groups, correlations of blood pressure (both systolic and diastolic) with CBA were not significant, except for a modest association between SBP and atherosclerosis at the right bifurcation among PD diet animals (r = 0.38; p < 0.05). Even when blood pressure was examined at different concentrations of serum lipids, there was no clear association with CBA.
Like BP, heart weight (corrected for body weight) was only slightly correlated with CBA. This association was seen on the left side among the AD animals only (r = 0.34, p < 0.05).
Heart Rate Reactivity to Behavioral Stress
Individual differences in heart rate responses to the laboratory stressor were examined only in the AD animals. This variable correlated modestly with CBA, although, like heart weight, only on the left side (r = 0.32, p = 0.05). We hypothesized that a heightened reactivity to stress might be related to CBA more appreciably if occurring together with a relative elevation in arterial blood pressure, since pressor responses associated with marked increases in heart rate would, in this case, be superimposed upon an already elevated pressure. Accordingly, we examined the left carotid data of animals which represented relative ends of the distribution of heart rate reactivity (termed high [n= 10] and low [n= 10] heart rate "reactors"), and which fell either above (n= 10) or below (n= 10) the median systolic blood pressure of all animals. Planned comparisons between group means by Mests 14 demonstrated that, among animals having systolic blood pressures above the median value, high heart rate reactors had significantly greater CBA than did their low heart rate reactive counterparts (high reactors: x = 1.69 mm 2 ; low reactors: x = 0.71 mm 2 ; t = 2.2,1, p< .05). No similar effect was observed among monkeys falling below the median systolic blood pressure and no significant effects were noted in a parallel analysis of carotid data from the right side.
Discussion
General
Our objectives, in this study, were to characterize the normotensive cynomolgus macaque as a model for the study of CBA, and to explore atherogenesis at this site in terms of risk variables and associations with other sites. The findings suggest that the CBA of cynomolgus macaques resembles that of humans in its microscopic features (extensive collagen accumulation, foam cells, disruptions of the internal elastic membrane, mineralization and necrosis) and in the greater degree to which this site is affected relative to other arterial sites in the head and neck.
5 -" Serum Lipids, Glucose Tolerance Perhaps the clearest findings with regard to risk variables were those relating to the effects of diet and plasma cholesterol on CBA. Not only were lesions more extensive and severe among the AD as compared to PD monkeys, but within the AD group, those animals with the highest TSC/HDLC ratios had the greatest extent of CBA. These findings with regard to serum lipid concentration seem similar to what is reported in some human studies." 118 However, these findings in relation to lipid and dietary factors should be qualified by two further observations. First, our groups (AD, PD) did not contain many individuals with TSCs in the 200 to 350 mg/dl range or TSC/HDLC ratios from 4.5 to 8.0, a range particularly relevant for humans. Determination of the serum lipid-CBA relationship in this group would seem important for determining with more precision the point at which serum lipids become atherogenic at this site.
Moreover, some PD animals developed considerable CBA, despite low serum lipids ( fig. 5A ). The lesions observed among the PD animals may have developed during the experiment as a result of the modest amount of cholesterol contained in their diet. Alternatively, these could have been pre-existing lesions which progressed little or not at all during the experiment. The latter interpretation may be more valid because the carotid bifurcation lesions of a group of wildcaught animals which died shortly after arriving at our institution were not significantly smaller than those of the PD animals. Further, the histological images ( fig.  4 ) suggest that foam cell lesions superimposed on older (collagenous) lesions occurred among AD animals but not among PD animals ( fig. 2) . Finally, none of the experimental variables correlated with lesion extent in the PD groups; this indicates that such lesions may represent pre-existing or naturally occurring lesions.
The inverse association between clearance of glucose (K) and extent of CBA is not surprising since impaired glucose tolerance has been reported in some studies of cerebrovascular disease in human beings, and because diabetic individuals are at increased risk for stroke. "• " The particular mechanism for the effect in this study remains unclear, since no animals were diabetic (as indicated by weight loss and serum glucose concentrations). Nonetheless, there was considerable variability in K values.
Cardiovascular Measures and Carotid Bifurcation Atherosclerosis
It might seem surprising that there was no consistent relationship between blood pressure and CBA. This may be because blood pressures (and heart weight) in both groups were within a relatively narrow range and were similar to values reported normal for this species. 20 It is thus probable that all animals were normotensive, with the restricted blood pressure variability tending to obscure any blood pressure-CBA associations. This is not to suggest that blood pressure is unimportant in the CBA of monkeys (cf Hollander et al, 11 also see below); however, in the absence of marked elevations in blood pressure, other factors (serum lipids and carbohydrate metabolism) seem associated more clearly with lesion exacerbation.
The data on behaviorally-induced heart rate reactivity, although evaluated only in the AD animals, are potentially important as they indicate a relationship between high heart rate reactivity (especially in combination with SBP above the median) and increased atherosclerosis at the left carotid bifurcation. These results are consistent with our earlier finding that heart rate reactivity is associated significantly with atherosclerosis in the coronary arteries and in the thoracic portion of the aorta. 8 This finding is also consistent with a recent finding by Glagov showing lowered heart rate to be associated with decreased coronary artery atherosclerosis in male cynomolgus monkeys. 22 The assymetry of the present finding may, in part, relate to flow characteristics associated with the carotid artery assymetry of cynomolgus macaques: the left carotid artery originates directly from the aorta while the right is derived from the brachiocephalic trunk. Finally, the absence of differential heart rate reactivity in independent observations on two groups of monkeys which differed in atherosclerosis extent solely as a result of a dietary manipulation 17 suggests that high heart rate reactivity was not a consequence of atherosclerosis (e.g., through baroreceptor damage).
Comparative Pathogenesis
The accurate characterization of the association between CBA and atherosclerosis at other sites is necessary to help clinicians evaluate the usefulness of noninvasively determined estimates of carotid lesions as predictors of lesion extent at other sites, particularly the coronary arteries. The findings reported here suggest that the association between CBA and lesions at other sites is much stronger among more severely affected individuals (AD) then among those with less extensive lesions (PD), and that for all individuals the right side tends to be a better predictor of other sites than the left. Approximately 75% of the individuals with extensive CBA also had extensive coronary artery atherosclerosis; this suggests that noninvasive imaging of the carotid artery may provide reasonable estimates of coronary artery atherosclerosis.
However, this result must be tempered by the knowledge that 25% of individuals with CBA of little consequence had extensive coronary artery atherosclerosis. Further, atherosclerosis at these two sites (coronary and carotid) is not altogether similar. It is clear, for example, from figures 5 A and 5B, that lesions were present at the carotid bifurcation of control diet (PD) animals while these same monkeys were almost free of lesions in the coronary arteries. Thus, while there is no doubt that elevated serum lipids are atherogenic at the carotid bifurcation, significant lesions did develop in the absence of such elevations while the same was not true of the coronary arteries.
A surprising finding was the lack of a psychosocial effect on the carotid arteries despite the findings of such effects on the coronary arteries of both AD and PD animals 7 ' 9 and similar effects on the coronary arteries of male and female cynomolgus macaques in a separate experiment. 23 The absence of such a finding merely serves to emphasize, again, the differences between pathogenic processes at the carotid bifurcation and at other sites.
fer from senile dementia of Alzheimer's type (SDAT), 20% from multi-infarct dementia (MID) and 10% have both diseases (MIX). 1 Differentiation between SDAT and MID is a commonly encountered diagnostic problem in the clinic. Hachinski's ischemic score 5 has proven clinically useful in distinguishing between these most common types of dementia and the validity of this scoring system has been neuropathologically established in a series of autopsied cases by Rosen, et al. 6 The present communication will attempt to correlate cognitive deficits measured in patients with MID with quantitative measurements of local cerebral blood flow measured by xenon contrast CT scanning.
In the majority of cases, MID appears to be a cere-
